Superficial mechanosensory organs (neuromasts) distributed over the head and body of fishes and amphibians form the "lateral line" system. During zebrafish adulthood, each neuromast of the body (posterior lateral line system, or PLL) produces "accessory" neuromasts that remain tightly clustered, thereby increasing the total number of PLL neuromasts by a factor of more than 10. This expansion is achieved by a budding process and is accompanied by branches of the afferent nerve that innervates the founder neuromast. Here we show that innervation is essential for the budding process, in complete contrast with the development of the embryonic PLL, where innervation is entirely dispensable. To obtain insight into the molecular mechanisms that underlie the budding process, we focused on the terminal system that develops at the posterior tip of the body and on the caudal fin. In this subset of PLL neuromasts, bud neuromasts form in a reproducible sequence over a few days, much faster than for other PLL neuromasts. We show that wingless/int (Wnt) signaling takes place during, and is required for, the budding process. We also show that the Wnt activator R-spondin is expressed by the axons that innervate budding neuromasts. We propose that the axon triggers Wnt signaling, which itself is involved in the proliferative phase that leads to bud formation. Finally, we show that innervation is required not only for budding, but also for long-term maintenance of all PLL neuromasts.
Superficial mechanosensory organs (neuromasts) distributed over the head and body of fishes and amphibians form the "lateral line" system. During zebrafish adulthood, each neuromast of the body (posterior lateral line system, or PLL) produces "accessory" neuromasts that remain tightly clustered, thereby increasing the total number of PLL neuromasts by a factor of more than 10. This expansion is achieved by a budding process and is accompanied by branches of the afferent nerve that innervates the founder neuromast. Here we show that innervation is essential for the budding process, in complete contrast with the development of the embryonic PLL, where innervation is entirely dispensable. To obtain insight into the molecular mechanisms that underlie the budding process, we focused on the terminal system that develops at the posterior tip of the body and on the caudal fin. In this subset of PLL neuromasts, bud neuromasts form in a reproducible sequence over a few days, much faster than for other PLL neuromasts. We show that wingless/int (Wnt) signaling takes place during, and is required for, the budding process. We also show that the Wnt activator R-spondin is expressed by the axons that innervate budding neuromasts. We propose that the axon triggers Wnt signaling, which itself is involved in the proliferative phase that leads to bud formation. Finally, we show that innervation is required not only for budding, but also for long-term maintenance of all PLL neuromasts.
Lgr | post-embryonic development | Thunnus thynnus | Danio rerio V arious types of sense organs are distributed over the body of vertebrates, such as pressure-sensitive Pacini corpuscles or light touch-sensitive Meissner corpuscles in mammals. The corresponding afferent neurons are located within dorsal root ganglia at a distance from the organs that they innervate, yet each corpuscle ends up being innervated, and afferent neurons manage to find a target corpuscle. The analysis of mutant mice revealed that innervation plays a role in the development of Pacini and Meissner corpuscles. The inactivation of various neurotrophins, or of their receptors, leads to a reduction in the number of sense organs (reviewed in ref. 1). Whether innervation is responsible for the early decision to form a sense organ, for its progressive differentiation, or for its maintenance remains unclear. This is, at least in part, because it is not easy to identify the very first steps of sense organ development and to determine whether they follow or precede the arrival of afferent axons. The lateral line system of fish comprises a number of discrete sensory organs (neuromasts) made of a core of mechanosensory hair cells surrounded by support cells and acts as a flow-sensitive device (reviewed in ref. 2) . The posterior lateral line system (PLL), which extends over the trunk and tail, is innervated by sensory neurons clustered in a ganglion just posterior to the otic vesicle. Sensory neurons are entirely dispensable for the early development of the zebrafish PLL, however, as shown both by genetic and by surgical ablation of the ganglion (3, 4) . Embryonic and larval development of the PLL (reviewed in ref. 5 for zebrafish) lead to the juvenile stage, around 1 month post fertilization (mpf). At this stage, about 50 PLL neuromasts are aligned as four antero-posterior lines (6) (Fig. S1A) . Neuromasts increase in numbers throughout adult life due to the formation, by each juvenile neuromast, of a cluster of neuromasts roughly oriented along the dorsoventral axis and known as a "stitch" (Fig. S1B) . Stitches can comprise more than 10 neuromasts in 2.5-mpf adults and up to 40 in 18-mpf fish. At the posterior end of the body, a vertical line of terminal neuromasts is present just anterior to the caudal fin (arrowheads, Fig. S1B ), and four lines of neuromasts extend on the caudal fin (caudal lateral lines, or CLL; Fig. S1B ) (7) . CLL neuromasts have been proposed to be formed by migrating primordia (8) .
Stitching has been studied in amphibians and shown to depend on a budding process (9) . Newly formed neuromasts within a stitch have therefore been called "bud-neuromasts," or "accessory" neuromasts (9). Here we show that stitch formation, including the formation of the CLL, entirely depends on innervation. Based on patterns of gene expression and signaling activity, we propose that cell proliferation, which is required for bud formation, depends on wingless/int (Wnt) signaling and that Wnt activation is triggered when the leucine-rich, repeat-containing, G-protein-coupled receptor (LGR), present on neuromast cells, binds the ligand R-spondin (Rspo), produced by afferent axons. We further show that long-term maintenance of neuromasts also depends on innervation. We conclude that the development of the adult system differs entirely from the embryonic one and resembles more closely the interactions observed in the development of mammalian touch receptors.
Results
Postembryonic Development of the PLL in Zebrafish. The juvenile pattern of neuromasts is established at the end of larval life (1 mpf, 9-to 10-mm fishes) (10) . During adult life, further development of the PLL is achieved by the formation of additional neuromasts next to each juvenile neuromast, leading to the formation of dorsoventrally oriented stitches (Fig. S1B ). Here we concentrated on the ventralmost of the four juvenile lines (line V, Fig. S1A ), which comprises about 30 neuromasts, one on every intersomitic border.
Stitch formation in zebrafish has been studied in only one case so far, the opercular stitch, which belongs to the anterior lateral line system (11) (Fig. S1B ). This stitch is unusual in that it begins to form very early during larval life, around 3 d post fertilization (dpf). In the opercular case, stitch formation involves a budding process that begins when a few cells elongate away from the founder neuromast. Cell movement along this extension, as well as cell proliferation in its distal region, leads to a distal swelling that progressively rounds up and differentiates as a new neuromast. We observed a similar sequence of elongation, swelling, and rounding up during stitching of PLL neuromasts ( Fig. 1 A  and B) .
Stitch Innervation. The various neuromasts of a stitch are innervated by branchlets of the nerve that innervates the founder neuromast. The order of budding events can usually be deduced from the pattern of branching ( Fig. 1 C and D) . Accessory neuromasts can be formed on either side of the founder neuromast or sequentially on the same side, and they may in turn form additional neuromasts or may remain quiescent (Fig. S2) . We could not detect any obvious regularity in the pattern of budding, suggesting that bud neuromasts appear in a random sequence. There is, however, a general tendency of stitches of the ventral line to add new neuromasts ventrally (Fig. 1D) , possibly related to preferential growth of the ventral scales in the ventral direction, similar to the tendency of the opercular stitch to extend posteriorly and accompany the growth of the opercular dermal bone (11) .
Branching of the nerve that extends to the different neuromasts of a stitch could correspond to defasciculation of a bundle of axons if new neurons innervate new neuromasts during stitch development, or it could correspond to axonal branching if the same neurons that innervate the founder neuromast extend collaterals to innervate new neuromasts of the stitch. We answered this question by labeling single embryonic neurons through plasmid injection (12, 13) and found that all neuromasts of a stitch are innervated by the same labeled neuron ( Fig. 2A, 6 mpf) .
In the course of this experiment we noted that singly labeled afferents (Fig. S3A) invade budding structures very early on (Fig.  S3B) , much before the buds become mature accessory neuromasts. We confirmed this finding in the doubly transgenic strain ET20; nbt-dsred, where neuromast mantle cells and interneuromast cells express gfp, whereas all neurons express dsred. We observed that a neurite invades the earliest swelling of neuromasts ( Fig.  2 B and C) and accompanies the thin processes that mark the onset of budding (Fig. 2D) .
As neuromast extensions become thicker, and before hair cells differentiate, the accompanying neurite has already developed a discrete arborization (Fig. 2E ). As described previously (11) , the process expands progressively to form a radially organized protoneuromast (Fig. 2F) . At this early stage in the formation of the first bud neuromast, a new extension prefigures the formation of a second bud neuromast (Fig. 2G, arrowhead) , and this extension is already accompanied by a neurite (arrow). When the first bud neuromast differentiates (Fig. 2H) , the new extension (arrowhead) and accompanying neurite (arrow) are clearly defined.
Role of Innervation in Stitching. The prevalence of innervation at the earliest stages of budding led us to examine a possible role of this innervation. With that aim, we examined the effect of early PLL ganglion ablation on stitching in 1.5-mpf, 13-mm young adults. Complete ablation of the ganglion on the experimental side had no effect on stitch formation in the control side (Fig.  2I ), but led to the complete absence of stitches in the ablated side in all cases (n = 8). In three cases where ablation was not complete, all uninnervated neuromasts remained single (Fig. 2J) , whereas the innervated neuromast (arrow) underwent stitching (arrowheads), thus demonstrating a tight link between innervation and the formation of stitches. Although founder neuromasts that were not innervated never formed accessory neuromasts, we observed the presence of long, dorsoventrally oriented cellular extensions in all cases (Fig. 2J ). This suggests that the first step in the budding process-the extension of ventral or dorsal processes by one or a few cells of the founder neuromast-does not depend on innervation. Innervation is required for later steps of budding, including cell proliferation, differentiation, and formation of hair cells.
Terminal Stitching in Bluefin Tuna. The analysis of innervationdependent budding is complicated by the very slow nature of the process in which several days or weeks may elapse before a new bud neuromast is formed (Fig. S2) . We found, however, that the formation of the terminal pattern in another teleost species, the bluefin tuna (Thunnus thynnus), involves a process of budding that is faster than that of body stitches.
The embryonic PLL is nearly identical in zebrafish and in bluefin tuna, although the two species are very distantly related (14) . At 6 dpf, however, only two terminal neuromasts are present in bluefin tuna larvae [terminal 1 (ter1) and ter2, numbered from the posteriormost one], instead of three in zebrafish (ter1-3, numbered from the posteriormost one) (7). To better understand whether and how this difference affects the development of the caudal system, we followed the development of the terminal and caudal system in bluefin tuna.
We observed that, at 6-7 dpf (3.6-mm larvae), a neurite extends away from ter2 (Fig. 3A , arrow) and accompanies long cellular extensions (Fig. 3B , arrow) that will eventually develop as a new neuromast, ter2′ (Fig. 3C ). The formation of caudal lines begins soon after the differentiation of ter2′ and involves the successive addition of new neuromasts at the distal tip of each line. This process involves again a close correlation between the extension of cellular processes from the distalmost neuromast, and the presence of a growing neurite (arrowhead and arrow, Fig. 3D ). The extension of the four CLL proceeds one neuromast at a time, and each line ends up at a neuromast between two rounds of budding [ Fig. 3 E and F, illustrating the first two neuromasts of CLL1 and CLL2 (arrowheads)].
Terminal/Caudal Stitching in Zebrafish. In zebrafish, development of the terminal-caudal system begins around 10 dpf (4.5 mm). Three ter neuromasts are usually present at the end of embryogenesis (65%, n = 236, two in 26% of the cases, and four in another 9%; average 2.83 ± 0.57). In the juvenile pattern, a vertical row of three terminal neuromasts is present at the tip of the body (Fig.  S1B ). This vertical row was assumed to correspond to the horizontal row of terminal neuromasts present at the end of embryogenesis due to the dorsal bending of the anteroposterior axis in this region (7, 10) . We reexamined this question in light of our findings with bluefin tuna. Of the three embryonic ter neuromasts, ter1 moves dorsally due to dorsal bending of the notochord, and ter2 migrates ventrally away from its initial position ( Fig. 3 G and H) , whereas the most anterior one, ter3, retains its original position (Fig. 3L) . As ter2 moves ventrally, it extends a process that is innervated as soon as it forms (Fig. 3 G and H,  arrows) , much before the process swells up to prefigure budneuromast ter2′ (Fig. 3I) . At 12 dpf, 2 d after the onset of budding, the neurite extending to ter2′ has already sent a branch that prefigures the tail line CLL3 (Fig. 3 J and K) . It is only then that the first hair cell precursors, as labeled in the atoh-tomato line, differentiate at the core of ter2′ (Fig. 3K) . The row of three terminal neuromasts found in juveniles therefore corresponds to embryonic ter1 and ter2 and to the bud-neuromast ter2′ (Fig. 3L) .
A cellular process from ter1 that extends into the growing caudal fin (Fig. 3M, arrowhead) is also accompanied by axon collaterals (arrows). This process will subsequently round up to form the first neuromast of CLL1. The caudal lines later extend together with the growth of the caudal fin by the progressive addition of more distal neuromasts (7).
Because of the similarity of this process with the steps described above in ventral line stitching, we examined a possible role for innervation in the development of ter2′ and of the caudal lines by ganglion ablation. Ablation was performed on HuC:kaede larvae twice, at 5 and 7 dpf, as it turned out to be impossible to ablate all neurons at once. Of 10 successfully ablated larvae that survived up to 1.5 mpf, 8 lacked all caudal lines and 2 had a single caudal line instead of the usual four (average of 0.2 line per larva). On the contralateral side, eight larvae had four caudal lines, one had three, and one had two (average of 3.7 lines per larva).
The experiment was repeated on Hgn39d fishes, with ablation performed at 3-4 and 5-6 dpf. Larvae were checked at 10 dpf, and those with one to three neurons still present were ablated a third time. Larvae at 40 dpf that had no neurons left at 10 dpf had only ter1 and ter2 on the ablated side, and no dorsal (ter1-derived) CLL were present (Fig. S4A′, n = 3) . In larvae that were reablated at 10 dpf, ter2′ formed (presumably due to induction of budding by the surviving neurons around 9-10 dpf), but neither dorsal nor ventral CLL were present (Fig. S4B′ , n = 5), demonstrating that innervation is directly required for the development of the entire CLL system. ter2′ and at least two CLL were present on the control side in all cases. Noninnervated terminal neuromasts were reduced in size relative to control neuromasts in all cases. In the most extreme case, seven hair cells were labeled in the control ter1, but only one was labeled in ter1 on the experimental side (Fig. S4 C and C′) .
Wnt Reporter Activity in Budding Cells. During embryonic development of the PLL, Wnt/β-catenin signaling is essential for cell proliferation in the leading region of the migrating primordium (15) (16) (17) (18) . This led us to examine whether Wnt activity can be detected during stitching. With this aim in mind, we used the Wnt reporter line Tcf/Lef-miniP:dgfp (19), where we detected GFP in the budding cells that form ter2′ (Fig. 4A, arrowhead) . These Wnt-positive cells are accompanied by a neurite revealed by photoconverted Huc-Kaede labeling (Fig. 4A, arrow) . We confirmed that the presence of GFP reveals bona fide Wnt signaling by in situ hybridization with an anti-lymphoid enhancer-binding factor 1 (LEF1) probe (Fig. 4B, arrowheads) . After ter2′ has differentiated, we observed Wnt activity in cells emanating from it (Fig. 4C, arrowheads) . This bud prefigures the first ventral caudal line (Fig. 4D) , where the budding process (arrowheads) is also accompanied by a neurite (arrows). Note that the GFP signal has disappeared in the mature bud-neuromast ter2′.
If Wnt activity is responsible for cell proliferation and budding, one would expect that interfering with Wnt signaling would affect budding. We tested this prediction by overexpressing the Wnt antagonist, Dickkopf (Dkk), in Tg(hsp70l:dkk1b-GFP) larvae (20, 21) . After heat shock at 12 and 13 dpf, we observed at 18 dpf that ter2′ was absent on one side in 6 of 10 hsp:dkk carriers [ Fig. 4E , affected side, vs. Fig. 4F , normal side; CLL3 has begun to form on the normal side (arrowheads) but not on the affected side]. In non-heatshocked larvae, ter2′ was absent in only 2/48 sides (4.2%, instead of 30% after heat shock). In one of the two cases, ter2 was missing as well, suggesting that the absence of ter2′ is secondary to that of ter2, and in the other case two neuromasts were present at the position of ter2, suggesting that ter2′ formed but failed to migrate.
Expression of rspo2:gfp in the Sensory Neurons. During both ter2′ and caudal budding, we observed Wnt activity in the vicinity of afferent axons (arrowheads in Fig. 4 A and D) . The close correlation between innervation and Wnt activity suggests that sensory neurons may provide a factor that activates Wnt signaling in the extending processes. Rspo/Lgr signaling is known to activate Wnt signaling by stabilizing the Wnt receptor complex (22). We confirmed that the Lgr6 receptor is strongly expressed in most or all neuromast cells up to 3 dpf (23) (Fig. S3C ) and showed that it remains expressed in neuromast cells, including budding ter2′, at 11 dpf (Fig. S3D) . The Rspo ligand would therefore be a good candidate to act as axonal activator of Wnt signaling during neuromast budding. Of four rspo family genes found in the zebrafish genome (Fig. S5A) , we determined that rspo2 is expressed in a subset of lateral line neurons (Fig. S5B) . Using a Gal4 enhancer trap line for rspo2 (hspGFFDMC131A) (24), we observed intense labeling in the dorsalmost neurons of the PLL ganglion (Fig. 4G) , corresponding to the neurons that innervate the terminal neuromasts (25, 26) . Using the same transgenic combination to detect the axons of rspo2-expressing neurons, we found that at 7 dpf, shortly before the formation of the bud-neuromast ter2′, the axons innervating ter1 and ter2 express GFP (Fig. S3E) , consistent with a possible role for Rspo/ Lgr signaling in the budding process. We also observed the presence of GFP at 11 dpf in a neurite that leaves ter2 and forms an incipient arborization in bud-ter2′ (Fig. S3F) , thus confirming that neurites that accompany budding processes express rspo2.
If Rspo produced by the neurites plays a role in the activation of Wnt signaling in neuromast cells, one would expect that removing the innervation would affect Wnt activity in the budding cells. We tested this notion by cutting the PLL nerve at 9 dpf, shortly before bud induction takes place, and a second time at 12 dpf, just before the regenerating nerve reaches the terminal region in HuC:gal4; UAS:rfp; Tcf/Lef:gfp larvae where neurites and hair cells both express red fluorescent protein (RFP). We observed at 17 dpf that, of six larvae, four showed substantial reduction of Tcf/Lef:gfp activity (Fig. 4H, treated side, vs. Fig. 4I , control side of the same larva) and one showed complete disappearance. We repeated the experiment and quantified the level of GFP fluorescence. We observed that the ratio of experimental vs. control side was 0.55 ± 0.60 after nerve cut (n = 11) vs. 1.14 ± 0.76 after sham illumination of the experimental side (n = 8), a statistically significant difference (P = 0.042). We conclude that Wnt activation depends on neuromast innervation.
Innervation and Neuromast Maintenance in Zebrafish. To see whether stitches could ever form in the absence of innervation, we raised adult fish where the PLL ganglion had been ablated early during larval life. We observed that stitches never form, as described above in 1.5-mpf adults, but in addition we found that the size of neuromasts begins to decrease when the fish reach ∼1.5 cm (Fig. 5A) , although the span of dorsal and ventral extensions closely matches the span observed on the control side. This is consistent with the observation that the size of ter neuromasts is reduced in 40-dpf fishes where the ganglion had been ablated (Fig. S4) . Upon further growth, neuromasts disappear altogether (Fig.  5B) , and the dorsal and ventral extensions eventually disappear as well (Fig. 5C ).
Discussion
Contrary to most other vertebrates, fish keep growing throughout adult life. Some sensory organs, e.g., the eyes, increase accordingly in size during adulthood. In the case of the posterior lateral line system, however, individual sense organs retain the same size throughout life, and growth of the system is achieved through the formation of "accessory" neuromasts that remain closely associated with the "founder" neuromast of the juvenile pattern and form dorsoventrally oriented stitches.
The very first step in stitch formation-the extension of cellular processes from the founder neuromast-takes place normally in the absence of innervation. Subsequent steps (swelling, radial organization, and hair cell differentiation) are all blocked, however. This result suggests that innervation is required for cell proliferation and that, in its absence, budding is not possible. Stitch formation would therefore depend both on the neuromast's ability to extend processes in preferred directions and on the axonal ability to stimulate cell proliferation and thereby convert extensions into new neuromasts. A similar two-tier mechanism may also operate in the case of the mammalian touch-sensitive corpuscles: competence to form organs may be distributed, but innervation would be essential to the realization of this competence (1) .
The importance of innervation for budding and stitch formation contrasts with the demonstrated lack of role for innervation in the formation of the embryonic and larval patterns. A possible interpretation of this difference is that the ancestral process leading to the development of superficial sense organs depended on an interaction between competent tissue and inducing neurites, as still observed in adult fish and in developing mammals. The embryonic development of the PLL, where sense organ development anticipates innervation, may have allowed for faster development of a functional escape reaction.
Our results show that the formation of the terminal and caudal fin patterns in both Thunnus and Danio also involves a budding process where innervated processes elongate in preferred directions and then give rise to additional ter and CLL neuromasts. The extreme fragility of Thunnus larvae made it impossible to assess the effect of denervation on the development of the terminal/ caudal pattern. In Danio, however, we could show that denervation results in the absence of ter2′ and of caudal lines, similar to other PLL stitches.We have documented the reactivation of Wnt signaling at early stages of the terminal budding process, consistent with the well-documented role of this signaling pathway in controlling cell proliferation. We confirmed the requirement for Wnt signaling by showing that heat-shock-induced expression of the Wnt-signaling antagonist Dkk reduces the number of ter2′ neuromasts and delays the formation of CLL lines. It has been reported that budding takes place normally in lef1 mutant fishes (18) . This suggests that other T cell-specific factor (tcf) genes, possibly tcf7 (27), can substitute for lef1/tcf1 at later stages of development, as shown in many other sytems (reviewed in ref. 28) .
One of the pathways to activate Wnt signaling involves binding of the ligand Rspo2 to its receptor Lgr (22). Lgr is present in neuromast cells (23) , and we found that Rspo2 is present in a subset of PLL afferent neurons and in the neurites that innervate the terminal neuromasts at the time they form bud-neuromast ter2′. Furthermore, we showed that nerve cuts intended to prevent or delay terminal innervation reduce substantially Wnt activity associated with the budding of ter2′. The observation that some Wnt activity remains may be due either to the fact that the first nerve cut was done at 9 dpf, a time when some Rspo2 may have already been produced by afferent neurites, or to the possibility that other ligands, possibly related to the presence of nearby proliferating fin tissue, may partially substitute for Lgr.
Altogether, our observations are entirely consistent with a simple scheme where Rspo2 secreted by afferent axons would bind to its Lgr receptor present on neuromast cells and induce local proliferation through Wnt activation, thus resulting in the formation of a bud neuromast. In addition, we demonstrate that innervation is also required for long-term survival of neuromasts, emphasizing the contrast between early and adult development of the same sensory system.
Materials and Methods
Fish Care and Fish Strains. Fish were kept under standard conditions as described by Westerfield (29) . The experimental animals' care was in accordance with the guidelines of the National Institute of Genetics and of University Montpellier 2. For imaging, embryos were anesthetized with Tricain (3-amino Labeling and Imaging. Single-neuron labeling was achieved through plasmid injection in fertilized eggs, as previously described (25) , using a Huc:memTdTomato construct (26) . Tuna embryos were simultaneously labeled for actin by phalloidin labeling and for acetylated tubulin by immunolabeling, as described previously (37) . Neuromast hair cells were labeled by 4-(4-diethylaminostyryl)-N-methylpyridinium iodide (DiAsp, Sigma) as described previously (38) . Imaging was done on a Leica SPE, a Zeiss LSM700 confocal microscope, or a Zeiss Axioimager equipped with a Coolsnap camera.
Laser Ablation and Heat-Shock Treatment. A Micropoint laser system (Photonic Instruments) was used on a Zeiss Axioplan 2 microscope with either 40× (for ganglion ablation) or 63× (for nerve cuts) water immersion objectives, using coumarin-440 nm, 5 mM in methanol, as a laser medium. The PLL nerve was ablated by laser illumination at the level of somites 1-3. As a control (sham) operation, the same amount of fluorescent illumination was applied to myotomes along the lateral line. The levels of GFP fluorescence were quantified under ImageJ software (http://rsb.info.nih.gov/ij/) using the "Measure" function. Heat shocks were performed by transferring the fish tank into an air incubator at 39°C for 70 min, allowing 10 min for the water to reach 39°C.
Isolation of rspo Family Genes. cDNA fragments of zebrafish rspo genes were isolated by RT-PCR using specific primers designed from the Sanger Centre genome database (www.ensembl.org/index.html) (rspo1f 5′-CCAGGGACTATG-CATTTGGGA-3′; rspo1r 5′-CCACCTGATGCTGTGATGAAA-3′, rspo2f 5′-ATGCAG-TTTCGCCTGTTCTCA-3′; rspo2r 5′-TATTTTTTACTGGCCTGCCCG-3′, rspo3f 5′-ATG-CAATTGCAACTGATCTCC-3′; rspo3r 5′-TGTCTATACTGTTCCAGCGTC-3′, rspo4f 5′-CAGATGCATTGGCAACTTTTG-3′; rspo4r 5′-TTATTGAGGAACAAAACTGCG-3′). An RNA extraction kit (Qiagen) and a first-strand cDNA synthesis kit (Takara) were used. The PCR product was cloned into pCRII-TOPO (Invitrogen) and sequenced using a BigDye terminator cycle sequence kit with a DNA sequencer (PE Applied Biosystems). The amino acid sequences were deduced from the nucleotide sequences and analyzed using the CLUSTAL W program at the DNA Data Base in Japan (www.ddbj.nig.ac.jp/search/clustalw-e.html).
In Situ Hybridization. RNA probes were synthesized using an RNA transcription kit (Invitrogen), and in situ hybridization was performed as described (29) . Image was captured using a dissecting microscope (Leica M165FC) with a CCD camera (Nikon DXM1200F).
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